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METHOD OF CREATING A BIOSTATIC AGENT 
USING INTERPENETRATING NETWORK POLYMERS 



BACKGROUND 



Quaternary ammonium salts have the general formula of: 



(I) 



[(CH^4N1- X- 



where X is a halogen such as iodine, chlorine or bromine. A variety of quaternary 
ammonium compounds are available and widely used as disinfectants and biocides and to 
treat items that may undesirably support microbial grov^h. For example, quaternary 
ammonium salts are used to treat carpeting, walls, various commercial products such as 
sponges and fabrics^ and even water. They are also used to rehabilitate "sick buildings," 
particularly after floods and water leaks, and reduce odors caused by mildew, fungus and 
bacterial growth in damp basement areas* 

Most quaternary anunonium salts commercially available are generally pre- 
packaged in water or alcohol solutions of approximately 2-3 % or less quaternary salt 
concentration. They are applied to substrates such as carpets* walls, floors, to kill the 
bacteria. The method of application often relies on delivering the quaternary ammoniimi 
salt in a fine spray. When treating fabrics, sponges, bedding, and similar products, the 
concentration of the quaternary ammonium salts generally can be much lower, e.g., less 
than 1%. 

Despite knowledge of the coitmion usage of quaternary ammonium salts for 
imparting antimicrobial propenies, a method was not known for treating medical devices 
and supplies and other consumer products that was biocompatible. 
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Applicants' method uses quaternary ammonium salts of the general formula of: 
Ri R2 R4 
\ / / 
(2) CI - {CH2)3 - Si - R5 

\ \ 
R3 R6 

wherein R, and R^ are methyl (-CH3) groups; R, is octadecy! (CHgCCHj)!?-); and R,, R, 
and R^ are methoxy (-OCHjX groups. Applicants* method can be used to treat, either 
during or after manufacture, textile materials, particularly medical devices and supplies, 
such that such devices and supplies have long-lasting, non-leaching, biocidal properties on 
the surface and arc not toxic to the host organism. The treatment involves convening the 
methoxy groups to OH groups through hydrolysis and then polymerizing through 
condensation of the OH groups to form siloxane bonds and water. 

More specifically, because catheter infections are the leading cause of hospital or 
long-term care infection^, numerous attempts have been made to create a catheter that is , 
antimicrobial. Most antimicrobial catheters rely on the impregnation of antibiotics to 
achieve a catheter that is resistant to bacterial infection. Unfortunately, this use of 
antibiotics results in increased resistance to antibiotics, a significant problem for inmiuno- 
compromised patients. It also leads to the subsequent long-term inefficacy of such 
catheters. 

FurtlKr, some antimicrobial catheters use a coating treatment to provide a vehicle 
for entrapping drugs onto the catheter surface but permit subsequent diffusion into the 
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bioiogicai environment. Many such treatments rely upon a polyurethane in a solvent to 
entrap antibiotic pharmaceutical agents. 

Thus, despite numerous and concerted efforts, a cost-efflcient method has not been 
devised to impart non-leaching, biocompatible, antimicrobial propenies to surfaces. In 
particular, despite the long felt need for such method or device in the catheter industry, 
until Applicants* invention, no such method or device existed. 

Interpenetrating polymer networks GPNs) are well known in the art. They are 
prepared in a variety of ways and the technical literamre is replete with the technology for 
the manufacmre of such IPNs. The most conmion ways to create IPNs are (1) by 
blending two or more polymers in an internal mixer using temperature, mixing time and 
torque to obtain a blended or grafted IPN, and (2) by '^swelling," i.e., expanding, a 
higher polymer with a monomer or a solution of a monomer and polymerizing the 
monomer to a polymer in situ. 

In this latter case, when monomer (A) is polymerized to form a polymer (A) in a 
host or substrate polymer (B), such as silicone or polyurethane elastomer, a high degree 
of permanence can be established for polymer A. That is, polymer A can only be 
removed to a limited degree when the IPN is. extracted by an organic solvent or water. 
Therefore, such an IPN has long term stability. 

However, until now, IPNs of polymerized quaternary ammonium sail monomers 
have not been used to impregnate the surfaces of medical devices and supplies to impart 
antimicrobial properties to such devices and supplies. Applicants* technique accomplishes 
this in such a manner that does not compromise their biocompatibility. 
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It is an object of this Invention to provide a method for creating an interpenetrating 
network on the surface of devices and supplies that is biocompatible and amimicrobiaL 

It is a further object of the invention to provide a method for creating a 
biocompatible and antimicrobial surface for consumer products. 

It is an object of the invention to incorporate antimicrobial activity into devices 
that may be implanted in or used on living organisms. 

It is a further object of the invention to provide an antimicrobial catheter that is 
not dependant on antibiotic drugs for antimicrobial activity. 

It is an object of this invention to provide a process for creating a polymeric 
coating having antimicrobial properties that can be applied to various medical device and 
supply surfaces. 

Other objects of the invention will be obvious upon reading the following 
specification and claims. 

FIELD OF INVENTION 

This invention relates to a novel way to treat surfaces such that they have a non- 
leaching antimicrobial property that is not dependant on antibiotic drugs. The method 
described herein may be used to prepare or treat biocompatible devices or other products 
and impart antimicrobial propenies to surfaces through coatings containing the 
antimicrobial. 

SUMMARY OF THE INVENTION 

Applicants' method is a technique for impregnating a surface with quaternary salts 
that have antimicrobial characteristics and are polymerizable. Applicants' technique calls 
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for the creation of an IPN of the quaternary salt in or on the material to be treated. In 
one embodiment of Applicants' method, the quaternary salt is polymerized after it has 
penetrated the surface of the host polymer, i.e., the polymer on the surface of the device 
or product to be treated. The depth of the penetration of the quaternary salt in the host 
polymer is controlled by the period of time that the polymeric substrate is exposed to the 
solution containing the quaternary salt, and solvent power, i.e., how much of the solvent 
is adsorbed by the subject device or product during the exposure period. The solvent 
power is reflected by the weight gain of the subject device or product during the exposure 
period. 

After the quaternary salt monomer has been absorbed by the host polymer, the 
quaternary salt is polymerized to form an interpenetrating network polymer (IPN). Such 
polymerization preferably is achieved by using 0.1 N NaOH, 0.1 N HQ, heat or a 
combination thereof. The presence of the interpenetrating polymer (i.e., the active 
quaternary ammonium group) has been substantiated by a dye test using bromophenol 
blue. The longevity or permanence of the quaternary ammonium group has been 
demonstrated by dye testing the treated material after repeatedly challeiiging the treated 
host substrate with multiple hot (e.g., 140**F) water rinses, aging treated samples with 
forced air or in a microwave oven, and subjecting the treated sample to repeated 
autoclave cycles (270"F for 30 minutes). 

As the following non-limiting examples show, the IPNs of silicone and 
polyurethane rubber, including silicone and polyurethane rubber catheters, treated 
according to Applicants' method, have been shown to possess the ability to kill bacteria, 
fungi and molds. 
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In other embodiments of Applicants* invention, a non-leaching antimicrobial IPN 
is created within the cavities and pores of the material to be treated. This embodiment 
does not require that the material to be treated be swelled. Rather, the quaternary salt 
monomer/solvent are absorbed into the pores, the solvent is evaporated and the monomer 
is polymerized within and through the pores of the substrate. In this manner the 
polymerized quaternary salt is "anchored" to the substrate through a physical interaction 
or blending. The level of quaternary salt polymer should be less than about 5% by 
weight on the substrate to minimize the decrease of air flow through the polymer 
substrate. 

Another embodiment of Applicants* invention provides for the creation and 
application of a polymeric coating that can be applied to a variety of non-polymeric 
surfaces. 

PREFERRED EMBODIMENTS 

Applicants' method uses the technology of swelling a host polymer with a solvent 
solution of quaternary ammonium salt. Preferably, the solvent is selected based on its 
ability to swell rapidly the host polymer the desirable amount without significantly 
disrupting the integrity of the underlying host substrate. Even more preferably, the 
appropriate and necessary amount of swelling of the host substrate, e.g., as reflected by 
an approximately 20 to 50 percent weight gain of the solvent and quaternary salt, occurs 
within 10 minutes or less after exposure to the solvent. Even more preferably, the 
boiling point of the solvents are relatively low to facilitate the removal, i.e., the 
evaporation, of the solvent from the substrate being treated. The following non-limiting 
examples reflect application of Applicants* invention. 
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Example One - 



Quaternary ammonium salt IPN polymer on 
thermoplastic polyurethane rubber catheters (TPU) 



Applicants* method was applied to a commerciaUy available polyurethane rubber 
catheter, i.e., the host polymer. A solvent solution of quaternary ammonium salt was 
employed. Specifically, conunercially available quaternary ammoniimi salt products were 
used that provided for different concentrations of a quaternary salt in methanol solution. 
The selected solvent was used to prepare 1-5% solutions of quaternary anunonium salt in 
ethyl acetate. This solvent was chosen because of its ability to rapidly induce the 
swelling of the underlying substrate polymer. The solvent in this example caused a 
thermoplastic polyurethane rubber catheter to exhibit approximately 30% weight gain in 
approximately 5 minutes. Such swelling was measured by weight gain attributed to the 
solvent and quaternary ammonium salt when compared with an untreated device or 
product. The catheter hub swelled slightly less than the catheter mbe as the following 
Table 1 shows: 

Immersion Time 

in Ethyl Acetate % wt. gain 

5% Quaternary Ammonium % wt, gain Hub from 

Sah. minutes of TPU Catheter Catheter 



This disparity in weight gain between the hub and the other portions of the catheter tube 
may be caused by the hub being thicker in cross section than the catheter mbe or the hub 
being made of a different thermoplastic polyurethane. 



1 
2 
5 

10 



16.8 
15.4 
30.8 
40.5 



8.7 

13.8 

20.8 
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After swelling in ethyl acetate, the swollen catheter was immersed in 0. 1 NaOH to 
accelerate the polymerization of the quaternary ammonium salt. The clear 0.1 N NaOH 
solution became slightly cloudy indicating that some of the monomcric quaternary 
ammonium salt was dissolved or leached from the surface of the catheter and polymerized 
in the 0.1 N NaOH solution. However, a significant amount of polymerized quaternary 
anmionium salt remained on the surface and penetrated the catheter wall to a slight 
degree. 

Standard Test A - Bromophenol Blue Testing 

Successful treatment of the catheter was verified by exposing the treated catheter 
surface to bromophenol blue which colors the substrate blue in the presence of 
monomelic or polymeric quaternary ammonium salt. Additionally* a treated catheter 
segment was subjected to a 5 x series of hot water rinses {140"F tap waer 200:1 on a 
shaker for 3 minutes) followed by a test with bromophenol blue. This sample also turned 
blue indicating that the IPN retained its activity and was not easily extracted. If desired, 
deeper penetration of the catheter wall can be achieved by increasing the immersion time 
or using a more powerful solvent. However, more powerful solvents or longer exposure 
time in the solvents, could result in a longer drying time to reduce the retained solvent 
content to acceptable levels. Further, the length of the exposure time must be calibrated 
for non-crosslinked polymers to ensure that the integrity of the underlying product or 
device to be treated is not compromised. 
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Standard Test B - Bio Testi ng of TPU Catheters 

Catheters treated as described above, were submitted for and subjected to 
biotesting, i.e., testing for efficacy in living organisms, in one experiment, 
staphylococcus epidermidis (ATCC 12228) was harvested from a secondary working 
culcure and grown to a concentration of approximately 1x10* CFU/ml. Ten colonies were 
incubated at 3S-3T^ for 4 hours in trypticase soy broth ("TSB"), The culture was 
diluted to 10 1x10^ CFU/mi by serially diluting in sterile, room temperature phosphate 
buffered solution. Test and control groups were comprised each of fifteen 1.0cm 
segments sectioned from a commercially available catheter that was not coated with any 
known antimicrobial compound. Ten ml of inoculum was pipetted onto each test and 
control segment and air dried at room temperature for 35-40 minutes. Each segntent was 
placed in a vial containing 3.0 ml of sterile, room temperature TSB. The vials were 
shaker incubated (110 rpm at 35'3TC), After 1.0 hour of incubation, five vials 
containing test segments and five vials containing control segments were removed. The 
segments were removed from each viaK Each vial was vortex mixed, on high speed, for 
two minutes. The TSB in each vial was sampled (1.0 ml) and serially diluted six times in 
sterile, room temperature phosphate buffered solution for drop counting. This process 
was repeated for test and control vials after 4 and 20 hours incubation. 
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The results are summarized in Table 2 as follows: 



Table 2 - Summary of Results. CFU/ml 

Micro organism Concentration 



Dilution 
Level 


Control 
Sesments 


1 hour 


Incubation time 
4 hours 


20 hours 


1:10 


c, 


TFTC 


2.0x10' 


6.3x10" 


1:100 




TFTC 


2.0x10^ 


6.1x10* 


1:1,000 


c, 


TFTC 


1.5x10^ 


1.0X10' 


1:10,000 




TFTC 


TFTC 


6.9x10* 


1:100,000 


Cs 


TFTC 


1,6x10^ 


7.7x10* 


Dilution 
Level 


Treated 
Segments 


1 hour 


Incubation Time 
4 hours 


20 hours 


1:10 




TFTC 


TFTC 


TFTC 


1:100 


T2 


TFTC 


TFTC 


TFTC 


1:1.000 


T3 


TFTC 


TFTC 


TFTC 


1:10,000 


T4 


TFTC 


TFTC 


TFTC 


1:100.000 


Ts 


TFTC 


TFTC 


TFTC 



TFTC = Too few to count (<30 CFU/ml) 



These results indicated that the u^ated segments produced an inhibitory effect on 
the growth of s. epidermidis (ATCC 12228). Two routes of inhibition are possible: (1) 
contact inhibition, beginning with the initial inoculation of the catheter segments (either 
occurring in a dry environment or occurring when the coating moistened while in the 
TSB); or (2) while submerged in the TSB. the coating's inhibitory agent leached from 
the segment surface and circulated freely within the TSB. 



PACE RCVD AT 6/17/2005 3:37:02 PM [Eastern Daylight Time]* SVR:USPTO-EPXRF-1/5 " DNIS:8720306 " CSID:92S-226-409S " DURATION (mm-ss):81-46 



From: Gerry J. Oman 



Date: 6/17/2005 Time: 3:38:12 PM 



Page 30 of 240 



WO 99/32157 PCT/US98/27330 _ 

11 

Standard Test B2 - Bio Testing with C. albicans 

To confirm that the treated catheters are resistant to a variety of bacterial 
organisms, a series of tests were conducted using Candida albicans. ATCC 10231. C. 
albicans was harvested from a secondary working culture and grown to a concentration of 
about 10' CFU/ml (20 colonies incubated in 5.0 ml TSB at 35-37°C for 4 hours and 100 
rpm). The culture was diluted to IxlO* CFU/ml by serially diluting in sterile, room 
temperamre TSB. As described for the foregoing test with S. epidermidis. Test and 
control groups were established each having fifteen 1.0 cm segments that were sectioned 
from a commercially available catheter, where the test group was from a treated catheter 
and the control group was from an untreated catheter. Ten ml of inoculum was gently 
pipetted onto each test and control segment and air dried uiKier laminar air flow for 35-40 
minutes. Each segment was then placed into a sterile vial containing 3.0 ml of TSB. 
The vials were shaker incubated (100-1 10 rpm) at 35-37"C. After four hours of 
incubation, five vials containing, test segments and five vials containing control segments 
were removed from incubation and the segments removed from the vials. The TSB in 
each vial was sampled (1.0 ml) and serially diluted four limes in sterile, room 
temperature pho^hate buffered solution ("PBS") for drop counting. The process was 
repeated for samples removed at 8.0 and 20.0 hours of incubation. 
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The data from these tests is summarized in Table 3 as follows: 



Dilution 
Level 


Control 
Seements 


4 hours 
Incubation 


8 hours 


20 hours 
Incubation 


1:10 


C. 


TFTC 


TFTC 


4.1x10* 


1:100 


C2 


TFTC 


TFTC 


7.5x10^ 


1:1,000 


c. 


TFTC 


TFTC 


4.1x10^ 


1:10.000 




TFTC 


TFTC 


6.8X10^ 


1:100,000 




TFTC 


TFTC 


1.9x10* 


Dilution 
Level 


Treated 
Segmqnts 


4 hours 
Incubation 


8 hours 
Incubation 


20 hours 
Incubation 


1:10 


T, 


TFTC 


TFTC 


TFTC 


1:100 




TFTC 


TFTC 


TFTC 


1:1,000 


T, 


TFTC 


TFTC 


TFTC 


1:10,000 


J* 


TFTC 


TFTC 


TFTC 


1:100,000 


T, 


TFTC 


TFTC 


TFTC 



TFTC = Too few to count { <30 CFU/ml) 
From these data it can be concluded that the treated catheter segment had an 
inhibitory effect against C. albicans when compared to an untreated control. The 
experimental results indicate that the material from treated catheters does not leach when 
in PBS. Thus, the inoculum is inhibited upon contact with the treated catheter surface, 
either during the inoculum drying period or while immersed in TSB. 
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Standard Test B3 - Bio Testing with S. aureus MR 

Staphylococcus aureus (ATCC 33591) was harvested from a secondary working 
culture and grown to a concentration of IxlO* CFU/ml. Ten colonies were iiK:ubated for 
five hours in TSB at 35-37° and 100 rpm. As described above* the culture was serially 
diluted to obtain a culture concentration of 1x10^ CFU/ml. 

Fifteen test and fifteen control group catheter segments* each 1.0 cm, were 
sectioned from a commercially available catheter. Ten ml of the 10' inoculum was gently 
pipetted on each catheter secern and allowed to dry under a iamitiar air flow for 30-35, 
minutes. Each segment was placed in a sterile vial containing 3.0 ml of TSB. The vials 
were shaker incubated (100-110 rpm) at 35-37"C. After four hours of incubation, five 
vials containing test segments and five vials containing control segments were removed 
from the incubator. The segments were removed from the vials and the TSB was vortex 
mixed on high speed for 2 minutes. The TSB in each vial was sampled (1.0 ml) and 
serially diluted four times in sterile, room temperamre PBS for drop counting. Samples 
were also taken after 4 and 20 hours of incubation, diluted six times and drop counted to 
determine organism concentration. 
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These data are summarized in the following Table 4: 

Table 4 - Micro Organism Concentration 



Dilution Control Incubation 



Level 


Seements 


1 hour 


4 hours 


20 hours 


1:10 


c, 


TFTC 


7.7x10* 


9.5x10' 


1:100 




2333 


6.7x10* 


7.3x10' 


1:1.000 


c, 


2000 


8.1x10* 


6.3x10' 


1:10.000 


C4 


TFTC 


7.5x10* 


9.5x10* 


1:100.000 


c, 


TFTC 


6.8x10* 




* contamination made counting S. aureus colonies, impossible to re; 


Dilution 
Level 


Treated 
Seements 


1 hour 


4 hours 


20 hour? 


1:10 




TFTC 


TFTC 


8.8x10* 


1:100 


Tz 


TFTC 


TFTC 


3.8x10* 


1:1,000 


T, 


TFTC 


TFTC 


TFTC 


1:10,000 


T4 


TFTC 


TFTC 


2.3x10* 


1:100,000 


T5 


TFTC 


TFTC 


4.7x10* 



TFTC = Too few to count ( < 30 CFU/ml) 

These data reveal that Applicants* method significantly reduced, but did not 
completely inhibit, the growth of meihicillin resistant S. aureus (MRSA). The untreated 
control segments showed no sign of inhibiting the growth of MRSA. 
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Standard Test C - Assay of Agent Leaching 

One cm catheter segments, treated with Applicants* method, were placed in five 
vials with 30 ml of PBS each, and shaker incubated (100 rpm) at 35-3T* for 20 hours ± 5 
minutes. These were assayed for active ingredient with ultraviolet light ("UV") or 
infrared ("IR") from 200 to 1000 ran. Similarly, control catheter segments were prepared 
and evaluated using UV or IR. No difference between control and test spectra were 
observed. 

In another test, five segments, each 0.5 cm long, of catheters treated with 
Applicants' method were vertically insened into 20 ml ± 5 ml tiypticase soy agar 
("TSA") inoculated with 1-2 x 10** CFU/ml of s. epidermidis (ATCC 12228). The petri 
dish containing the agar (TSA) and segments was incubated at 35-37" for 24 hours ± 15 
minutes in air. The area around each catheter segment was examined for reduction or 
inhibition of microbial growth visible in the size and/or density of colonics, i.e, the zone 
of inhibidon ("ZOI"). The size of any area of inhibition was measured. Control samples 
also were established. The data obtained are summarized below in Table 5: 

Assay 

Part Group Media Organism Segment Numbers 

1 2 3 4 5 Avrg. 



c 


Test 


TSA 


S. 


epidermidis 


0.0 0.0 0.0 0.0 0.0 


0.0 


D 


Test 


STSA 


s. 


epidermidis 


0.0 0.0 0.0 0.0 0.0 


0.0 


E 


Control 


TSA 


s. 


epidermidis 


0.0 0.0 0.0 0.0 0.0 


0.0 


F 


Control 


STSA 


s. 


epidermidis 


0.0 0.0 0.0 0.0 0.0 


0.0 


G 


Test 


TSA 


c. 


albicans 


0.0 0.0 0.0 0.0 0.0 


0.0 


H 


Test 


STSA 


c. 


albicans 


0.0 0.0 0.0 0.0 o.d 


0.0 


I 


Control 


TSA 


c. 


albicans 


0.0 0.0 0.0 0.0 0.0 


0.0 
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J Control STSA C. albicans 0,0 0.0 0.0 0.0 0.0 0.0 

Wherein S. epidenniclis is ATCC 12228; STSA is soft trypticase soy agar and C. albicans 
is ATCC 10231. 

The ZOI screening test produced no visible reduction in density of colonial growth 
of either S. epidertnidis or C. albicans after 24 hours of exposure. 

The spectrometry and ZOI evidence indicates that substantial leaching of active 
compound from the treated catheters does not occur. Accordingly, Applicants' invention 
allows beneficial bacteria to exist in biological systems but does not permit the growth of 
bacteria on treated surfaces. Further, because the active compound does not leach. 
Applicants' method operates to permanently impart the antimicrobial characteristic to the . 
treated surface. 

Example Two - Quaternary ammonium salt IPN polymer on silicone catheters 

In another set of experiments. Applicants evaluated various solvent mixes to 
determine the degree of swelling of commercially available silicone catheters. The 
purpose of these experiments was to identify solvent blends that would result in excess of 
25-30% weight gain after a 5 minute immersion. Thirty percent or more weight gain has 
been deemed the weight gain reflecting optimization of adequate penetration of the solvent 
(and the quaternary ammonium salt dissolved in the solvent) into a silicone rubber matrix. 
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The swelling results are shown below in Table 6 using a commercially available silicone 
rubber catheter: 



75 methanol 

25 THF 0.25 6.3 
75 methanol 

25 THF 5.0 6.3 
50 me^|^q> 

50 THF 5.0 24.6 
25 methanol 

75 THF 5.0 52.3 

0 mgthmQl 

100 THF 5.0 85.1 

Applicants used 25 methanol/75 THF solution and approximately 52% weight gain 
for these experiments. Again, catheters were exposed to a 5% solution of quaternary 
anmionium salt in 25 methanol/75 THF followed by 5 minute exposure to 0.1 N NaOH, 
approximately 30 minutes to an hour air drying, followed by forced air drying. 

Standard Test A - Bromophenol Blue Testing 

The bromophenol blue test was used on the treated silicone catheter which 
indicated the presence of the impregnants by the surface of the created catheter mming 
blue. As with the polyurethane catheter, the silicone catheter was given a 5x series of 
rinsings in 140*F hot water of 3 minutes at approximately 200:1 on a shaker with 
vigorous agitation. Retesting with bromophenol blue dye indicated that the polymerized 
quaternary ammonium salt was not extracted from the body of the catheter. 



Approximate 
Immersion 



Solvent Mixture 



Tto?. Min. % Wi. Gain 
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Standard Test B - Bio Testing of Silicone Catheter Segments 

Samples of untreated silicone catheter (control) and a treated catheter were 
evaluated against S. epidennidis. The challenge organism, S. epidermidis, was harvested 
and sundardized to 1 x 10^ CFU/ml. The suspension was diluted to approximately 1 x 
10* CFU/ml, Several one cm pieces of each type of catheter were inoculated with 0.01 
ml of the 10* CFU/ml suspension to give a final inoculum of 1 x 10^ CFU per piece. 
Each piece was allowed to dry in a sterile dish for approximately 10 minutes atKl then 
placed in a vial containing 3 mis of TSB. The vials were incubated at 32-35''C for two 
days and evaluated for growth. The treated catheters killed the challenge organism. By 
challenging the TSB from the vials showing no growth without the catheters. Applicants 
demonstrated that the treated catheters did not leach the antimicrobial agent. 

Additional silicone catheter segments were tested for ZOI against S. epidermidis* 
S. aureus and C. albicans with no evidence of leaching. The results are shown below in 
Table?: 

Catheter 

Sample Identification S. eDidermidis S> aureus 

Silicone rubber control 0.0 0.0 

Treated silicone rubber catheter 0.0 0.0 

Although Applicants* experiments focused on the application of Applicants' 
method to catheters, it is readily apparent to those skilled in the art, that other polymeric 
surfaces, particularly those present in medical devices, may be subjected to Applicants*s 
method. 



0.0 
0.0 
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Standard Test C - In Vivo Bio Testing of Silicone Catheter Segments 

In one experiment, a silicone catheter was prepared as described above using a S% 
solution of quaternary ammonium sah in toluene solvent and followed by polymerization 
using 0.1 N NaOH as a catalyst and heat to remove residual solvent. This treated 
catheter was implanted in a rabbit to determine whether Applicants' method, when applied 
to a catheter^ inhibits bacterial growth following active challenge with an organism at the 
site of implant. The created catheter was implanted subcutaneously and S. aureus in a 
volume of SO ^1 was deposited at the site. A control catheter was implanted in another 
animal. After 15 days of implantation, the treated and untreated catheters were removed, 
streaked across an agar plate, incubated and the colonies were counted. The colonies 
generated by the untreated catheter were too numerous to count (greater than 100) while 
only seven colonies were generated by the treated catheter. The test protocol and test 
results reflect the effectiveness of treating catheters with a polymerized quaternary 
ammonium salt. 

As the foregoii^ experiments demonstrate. Applicants* method can be used to 
create a catheter having non- leaching, antimicrobial properties. Imparting such a 
characteristic to a catheter that has leaching antimicrobial properties, e.g., one that has 
antibiotics impregnated therein, may result in a catheter that is able to address an existing 
systemic infection that may affect the catheter surface. Applicants' process does not 
preclude the addition of antibiotics as a coating surface. Thus antibiotics can be used in 
conjunction with a surface that has been treated according to Applicants' method. 

Although Applicants' experiments focused on the application of Applicants* 
method to catheters, it is understood that other polymeric surfaces, particularly those 
present in medical devices and supplies, may be subjected to Applicants' method. 
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Example Three - IPN in porous substrates 

Another embodiment of Applicants' method does not require the host polymer 
substrate be capable of being swelled in a solvent. In this embodiment^ the quaternary 
salt monomer/solvent mixture is allowed to penetrate the pores or interstices of the host 
polymer or substrate, the solvent is evaporated and the quaternary animonium salt 
monomer is polymerized in situ. Polymerization is accomplished by heat. 0.1 N NaOH, 
0,1 N HCl or a combination thereof. This results in an IPN in which the quaternary salt 
polymer is entangled in the pores of the host polymer or substrate. Applicants have used 
their method in host polymers having pores of approximately 2 microns. The host 
substrate can be a polymer such as Teflon or a variety of plastic or sponge-like materials 
such as foams and includes natural products such as paper. Using this procedure the 
quaternary salt polymer/host polymer IPN is highly stable and exhibits permanence as 
evidenced by (1) resistance to 5X hot water rinses for three minutes at 140°F and (2) 
resistance to up to 10 autoclave cycles for 30 minutes at 270'F. In each case, the blue 
dye test demonstrate the presence of the quaternary anunonium salt polymer after 
exposure to the elevated temperature. 

Example Four - IPN Coating 

Further, it is apparent that Applicants' method may be used to create a polymeric 
IPN coaling that can be applied to other solid substrates, including, but not limited to. 
substrates made of metal and plastic. For example, a polymerizable quaternary 
ammonium salt monomer at approximately 5% concentration, based on the resin solids, 
may be added to a commercially available coating system. The coating, with the 
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quaternary sail, may then be applied, e.g., by blushing or spraying, to the metallic 
surface to be coated. As the coating dries, the quaternary salt provided by Applicants 
method simultaneously polymerizes. Using this method Applicants successfully n^ted 
copper, aluminiun, steel and stainless steel, but it is understood that other solid substrate 
surfaces, e.g., wood and plastic, can be treated. Blue dye testing verified the presence of 
the polymerized quaternary ammonium salt polymer in the coating system when the 
coating system was an epoxy paint. 
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WHAT IS CLAIMED IS: 

1. A method of impaning antimicrobial propenies to a polymeric substrate 
comprising: providing a polymerizable or monomeric quaternary ammonium salt in 
a solvent; contacting the polymeric substrate to said solvent containing said 
quaternary salt; permitting, said quaternary salt to be absorbed by the polymeric 
substrate; and polymerizing said quaternary salt such that an interpenetrating 
network is formed with said polymeric substrate. 

2. A method accortiing to claim I wherein said quaternary salt has the general 
formula of: 

Rj R2 R4 

\/ / 
CI . (CH2)3 - Si - R5 
\ \ 
R3 ^ 

3. A method according to claim 2 wherein R, znd R2 are methyl groups, R3 is 
octadecyl, and R4, R^ and R« are methoxy groups. 

4. A method according to claims 1, 2 or 3 wherein said polymerization of said 
quaternary ammonium salt is achieved by exposing it to 0.1 N NaOH, 0, 1 N HCI, 
heat or a combination thereof. 

5. A method according to claims 1, 2 or 3 wherein said solvents for said quaternary 
ammonium salt rapidly swell said polymeric substrate to a degree necessary to 
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achieve appropriate penetration of said polymeric substrate while retaining the 
functional characteristics of said polymeric substrate. 



6. A method accordingly to claim 5 wherein said solvent results in the desired degree 
of swelling of said polymeric substrate in less than ten minutes. 

7. A method according to claim 5 wherein said solvent is ethyl acetate, a mixture of 
tetrahydrofuran, and methanol, or any organic solvent for said quaternary 
ammonium salt diat swells said polymeric substrate. 

8. A method for creating a catheter having non-leaching, antimicrobial properties 
comprising: providing a polymerizable or monomeric quaternary salt in a solvent; 
providing a catheter; and contacting said catheter to said solvent containing said 
quaternary salt such that said quaternary salt polymerizes within and upon the 
catheter in situ. 
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9. A method according to claim 8 wherein said quaternary salt has the general 
formula of: 

Ri Rj R4 

\ / / 
CI *N - (CHj), - Si - R5 
\ \ 

10. A method according to claim 9 wherein R, and R2 are methyl groups^ R3 is 
octadecyl, and R4, R5 and R^ are methoxy groups. 

11. . A method accordii^ to claims 8, 9 or 10 wherein said polymerization of said 

quaternary salt is achieved by exposing it to 0. 1 N NaOH. 0,1 N HCl, heat or a 
combination thereof. 

12. A method according to claims 8, 9 or 10 wherein said solvents for said quaternary 
ammonhim salt rapidly swell said catheter approximately 20-50 percent by weight 
in approximately 10 minutes or less while retaining the functional characteristics of 
said catheter. 

13. A method according to claim 13 wherein said solvent is ethyl acetate, a mixture of 
tetrahydrofuran and methanol, or any organic solvent for said quaternary 
ammonium salt that swells said catheter. 
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14. A method according to claim 8 wherein said catheter is made of silicone, 
polyurethane, thermoplastic or plastic. 



A method according to claim 8 wherein said catheter is impregnated with 
antibiotics. 

A method for creating a non-leaching, biocompatible, antimicrobial, polymeric 
coating comprising: providing a polymerizable or monomeric quaternary salt in a 
solvent; exposing a substrate having interstices in which said quaternary salt can 
be absorbed and polymerized; permitting said quaternary salt to be absorbed by the 
substrate; and polymerizing said quaternary salt such that an interpenetrating 
network is formed within the interstices of the substrate. 
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S. Michlelsen: Georgia Institute of Technology, G. Sun: U. C. Davis 

Annual Report, September 1999 

Goal: 

The goal of the work is to elucidate the fundamental considerations and demonstrate the 
techniques that can be used to develop textile materials which can be used to deliver 
reactive chemicals. In this demonstration, we have selected an application which has a 
significant commercial potential, the use of textiles to deliver antimicrobial activity. The 
methods of attachment and the general considerations should be similar for delivery of: 
catalysts in chemical synthesis* reactants to remove pollutants from air or water, and for 
producing materials with biocompatibility. 

Abstract: 

The work has demonstrated the following methods for incorporating reactive chemicals 
in textile materials: 

1. Mechanistically understood chemical modification of the surface of fibers by the 
simple addition of reactive monomers to a reactive fiber. 

2. Mechanistically understood creation of sites on an unreactive fiber, followed by 
chemical addition of reactive monomers. 

3. Creation of reactive sites and addition of reactive monomers by high-energy photo- 
chemical or thenno-chemical processes where the mechanisms of grafting are not well 
defined. 

4. Coating of textile surfaces by polymeric solids which are held in place physically or 
with reactive covalent links to the fiber surface. 

5. Copolymerization of reactive compounds into fiber forming polymers followed by 
extrusion into fibers. 

Textile materials created by each of these methods have been shown to be effective 
antimicrobials when tested against a typical infectious test bacteria. Some have also 
been shown to be effective against infectious protozoan species as welL Work is 
progressing on determining the actual, effective and maximum coverage of reactive 
chemical on the textile material. Work proposed on die kinetics of reaction/release of 
the active compounds has not yet begun. 
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Introduction: 

When delivering reactive species from a fiber or fabric, several considerations. (1 ) The 
reactive chemical species must be attached to, or incorporated into the textile (fiber). (2) 
The reactive species must be held in a stable form until it is needed. (3) There must be a 
large reservoir of ihe reactive species, or the reactive species must be easily regenerable 
(m situ), (4)/When needed, it must be readily available, and (5) The association with, or 
attachment to the textile must not interfere with the desired chemical action. 

The durability (or rechargeability) must exceed the required or expected lifetime of the 
textile product. If the reactive species on the fiber or fabric can be recharged after it has 
been depleted, waste products can be reduced. In most cases, criteria (2) and (4> are 
opposing requirements which must be balanced. For example, the reactive species can be 
held within the polymer, and slowly diffuse to the surface. However, when needed, the 
surface concentration of the species will be rapidly depleted. Thereafter, a considerable 
lapse of time is. required for more of the material to diffuse to the surface. There are two 
categories of antimicrobials - those that inhibit growth (bacteriostatic agents), and those 
that kill the organism (bacteriocidal agents) There are also differences In the amount of 
time required for specific chemicals to be effective. In general, the more reactive 
chemicals work quicker, but are also more likely to react with and be used up in 
competing chemicals that have nothing to do with the microbes that should be the target 
or their action. 

In the area of antimicrobial products, there are the additional requirements for 
demonstrating effectiveness against a variety of harmful organisms. Since the products 
may be sold directiy to retail consumers, there are questions of safety and toxicity to 
humans. 

Some fundamental questions must also be considered in antimicrobial materials: 

1. Is the reactive chemical released from the textile, or does it remain attached? 

2. If released, what are the kinetics of release and what concentration is necessary to 
avoid depletion of the active chemical while in storage, before use? 

3. What amount of water must be present for the antimicrobial activity to be effective? 

4. How much of a reactive chemical can be accommodated on the textile surface? And 
how can it be measured? 

An invited presentation prepared by some of the investigators was given at INDA Tec in 
Atianta (9/99). Tt is available in the Conference Proceedings [1] It describes the 
chemical functionalities available for antimicrobial activity, the mechanism of action and 
a list of antimicrobial products that are available commercially in textiles. 
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Progress: 

We have embarked on a combined theoretical and experimental analysis of this problem. 
We start with the idea that there must be a large reservoir of reactive species. Even if the 
species is rcgenerable, a large reservoir of reactive species is helpful. Since most fiber 
forming polymers (except cellulose) have very few reactive sites on their surface, it is 
impractical simply to chemically attach a significant amount of reactive species on their 
surfaces unless an amplification system is used. Although plasma treating can be used, it 
is too expensive for most applications. 

Chemical degradation of the fiber surface to create reactive groups may be possible in the 
case of some "condensation" polymers. We have demonstrated this with one fiber and 
have then used the reactive groups on the surface of the fiber to attach an antimicrobial 
compound. The fiber produced has been shown to have a shelf life exceeding 6 months 
and is effective in killing a variety of organisms. Work is beginning on the maximum 
activity possible, the location of that activity (surface vs interior) and the kinetics of its 
decay in the absence of microbial challenge. 

The work has also produced fibers with particles attached to their surfaces, either by 
physical attachment, or by covalent chemical attachment. One of the attached species 
has been shown to be an effective antimicrobial in fabric form. The other is still 
undergoing testing. Attachment of particles to fiber surfaces always suggests problems 
with durability, and durability studies are still needed. Again we have not yet 
determined the maximum loading of the textile with antimicrobial species, nor the level 
that is really needed. A light micrograph of highly colored particles attached to the 
textile surface is shown in Figure 1. 




Figure 1 Particles Attached to Fibers 
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Scanning electron microscopy will be used with the uncolored, active compounds to 
examine the attachments to the fiber for strength of attachment and durability. 

Another approach is to graft an active monomer onto the textile surface and allow some 
degree of polymerization to occur. We have had limited success in photo initiated 
grafting, and have yet to try chemically jnitiadation, or initiation with hard radiation. 
All of these seem possible if a proper monomer is selected. As with all such grafting 
processes, one must determine the extent of graft vs homopolymer formation on the 
surface of the textile. The formation of homopolymer may lead to excessive stiffening 
or the textile or durability problems. Problems of surface wetting/spreading will have to 
be addressed to accomplish uniform, thin layers of active compound on textile surfaces. 
The uniformity of the "coatings" will be further studied by use of surface infrared 
techniques and ED AX in SEM. 

A modification of this approach is to graft to the surface a polymeric material that 
contains groups to which the reactive species can be attached. e.g. poly(acrylic acjd), 
poly(vinyI alcohol). poly(vinyl amine) or copolymers containing these groups. Again, 
there aie several issues that need to be dealt with, (a) What is the maximum number of 
reactive groups that can be stored on the surface? (b) How can they be released? and (c) 
How does the mobility of the surface grafted polymer affect the delivery of the reacuve 
species? 

We consider (a) first. Although it would seem that the number of reactive species that 
could be stored by simply grafting a "storage polymer" to the surface of the fiber could 
increase without bound, we have found oflierwise. When die radius of gyration of tbe 
storage polymer is equal to one-half the average distance between graft sites, the 
maximum storage potential is achieved. For smaller molecules, the surface has many bare 
spots which do not store any reactive species. When the storage polymer is larger than 
optimum, it blocks adjacent graft sites thus preventing attachment of additional storage 
polymers, again resulting in bare fiber surface. We are still investigating the effect of 
polydispersity. both in the storage polymer and in tbe graft-site density on die surface, on 
storage efficiency. 

Next let's consider (b). Here tiiere are two possibilities. First, tiie reactive species must 
acnially be released from the surface to be active. This will be controlled by the kinetics 
of die bond breakage in the reaction medium. We are currently examining how the 
kinetics are affected by the surface, much as fabric dyeing is affected by the surface. For 
this, we are grafting poly(acryUc acid) onto nylon 6,6 film. Next we neutralize the acid to 
differing extents and with different ions and then measure the surface conductivity. By 
comparing this data with similar data on dissolved poly(acrylic acid) salts, we will be 
able to determine the effect of the surface on the release of these ions. 
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The other approach is for the reactive species to perform its function while still attached 
to the surface. This would be the case if the reactive species acts as a catalyst. Its 
effectiveness will depend on how easily the reactants can approach and leave the reaction 
site, in much the same way that enzymes work. We will model this via molecular 
mechanics. 

We are also attempting to measure and model how the mobility of the storage polymer 
changes upon grafting to the surface and how this effects the delivery of the reactive 
species or the approach of the reactants. This affects both (2c) and (3). Initially, we are 
measuring the surface conductivity of grafted poly (aery lie acid) salts as a function of 
temperature and frequency to measure the mobility of the storage polymer. It is expected 
that this mobility will be different from the bulk and from the solution forms of the 
storage polymer. 

To accomplish these tasks, a surface conductivity cell has been constructed and is being 
calibrated over the frequency range 1 mHz - 100 kHz. A constant temperature and 
humidity chamber has been acquired and is being installed. Poly(acrylic acid) in a wide 
range of molecular weights have been acquired and are being grafted to nylon 6,6 film. 
Finally, the molecular mechanics modeling approaches are being refined. These will be 
combined to address each of the issues described above. 

In working on antimicrobial textile^, we have had to address some issues of testing 
effectiveness. One standard test [2] places a treated textile on an inoculated agar plate. 
This test is suitable only when the antimicrobial agent can diffuse from the textile into the 
agar. A second method [3] places contaminated liquid on the surface of the fabric and 
measures the reduction in numbers of organisms as the result of that exposure. First th^e 
is the matter of exposure time which, as was pointed out, varies for different reactive 
agents. Then there is the matter of wetting. If the textile material does not readily 
absorb the contaminated liquid, the microbial kill rate will be much reduced. This 
problem was handled by sandwiching a small volume of the contaminated liquid 
between two layers of active fabric, A test method for wet filtration was previously 
developed in the laboratory of one of the investigators (DW). A test method for dry 
filters, which will aid in determining the necessity of water for antimicrobial 
effectiveness has yet to be addressed. 

Continuing Work: 

Additional needed work was indicted throughout the report, and concerns mosriy the 
kinetics of the release of antimicrobial and of the reactions with microbes or other 
chemicals. Also, measurement of maximum and optimum fiber loading with 
antimicrobial agent is needed as well as the location and uniformity of the application. 
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Additional Investigators: 

UC Davis: Yuyu Sun, Postdoctoral Fellow 
Ga Tech: Shuying Yang, GRA 
Auburn: Shi Wei Huang, GRA 
UnchinCho, GRA 
JianLin. Postdoctoral Fellow 



Industrial Contacts: 

A number of industrial contacts were developed in the course of preparing the publication 
in Reference 1 . Additional contacts were made as a result of the presentation. We 
estimate contacts vrith at least a dozen companies. Discussions have been very helpful to 
the investigators, and several of the companies have expressed a need for discussions and 
help, particularly in the area of testing for antimicrobial effectiveness. 

Web Site: 

Information concerning this project can be found at web site 
www .eng.aubum.edu/department/te/ntc^ndcs,html 
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